A Gram-stain-negative, non-motile, rod-shaped, aerobic bacterium, designated strain YLT18 T , was isolated from mountain cliff soil of Enshi Grand Canyon in China. The major menaquinone was menaquinone 7 (MK-7) and the predominant fatty acids (.5 %) were iso-C 15 : 0 , C 16 : 1 v5c, iso-C 17 : 0 3-OH, summed feature 3 (C 16 : 1 v7c/iso-C 15 : 0 2-OH) and iso-C 15 : 0 3-OH. The major polar lipids were phosphatidylethanolamine, two unknown aminophospholipids, two unknown aminolipids and two unknown polar lipids. T showed obvious differences from the closely related species in terms of esterase (C4) activity, acid production from fructose and rhamnose, and sole carbon source utilization by arabinose and rhamnose. The results from this polyphasic taxonomic study revealed that strain YLT18 T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga barathri sp. nov. is proposed. The type strain is YLT18 T (5KCTC 42472 T 5CCTCC AB 2015054 T ).
A Gram-stain-negative, non-motile, rod-shaped, aerobic bacterium, designated strain YLT18 T , was isolated from mountain cliff soil of Enshi Grand Canyon in China. The major menaquinone was menaquinone 7 (MK-7) and the predominant fatty acids (.5 %) were iso-C 15 : 0 , C 16 : 1 v5c, iso-C 17 : 0 3-OH, summed feature 3 (C 16 : 1 v7c/iso-C 15 : 0 2-OH) and iso-C 15 : 0 3-OH. The major polar lipids were phosphatidylethanolamine, two unknown aminophospholipids, two unknown aminolipids and two unknown polar lipids. The DNA G+C content was 55.4 mol%. According to phylogenetic analysis based on 16S rRNA gene sequences, strain YLT18 T was related most closely to Chitinophaga niabensis JS13-10 T (5 DSM 24787 T ) and Chitinophaga cymbidii R156-2 T (5KCTC 23738 T ), with similarities of 96.7 and 96.2 %, respectively. In addition, strain YLT18
T showed obvious differences from the closely related species in terms of esterase (C4) activity, acid production from fructose and rhamnose, and sole carbon source utilization by arabinose and rhamnose. The results from this polyphasic taxonomic study revealed that strain YLT18 T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga barathri sp. nov. is proposed. The type strain is YLT18 T (5KCTC 42472 T 5CCTCC AB 2015054 T ).
Chitinophaga is the type genus of the family Chitinophagaceae (Kämpfer et al., 2011) and was originally described by Sangkhobol & Skerman (1981) . This genus comprises, at the time of writing, 21 species (http://eztaxon-e.ezbiocloud. net/). The members of the genus Chitinophaga have been isolated from a wide range of habitats such as soil (Chung et al., 2012; Kämpfer et al., 2006; Kim and Jung, 2007; Lee et al., 2007 Lee et al., , 2009 Weon et al., 2009) , root (Han et al., 2014; Li et al., 2013) , vermicompost (Yasir et al., 2011 ), bark (Proença et al., 2014 and rock (Wang et al., 2014) . Strains of the genus Chitinophaga are Gram-negative, nonspore-forming, rod-shaped and oxidase-variable. They have MK-7 as the major menaquinone with phosphatidylethanolamine, unknown aminolipids and unknown polar lipids as the predominant polar lipids, and iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 1 v5c as the main fatty acid components (Li et al., 2013; Proença et al., 2014; Weon et al., 2009) .
Soil samples were collected from a mountain cliff located in Enshi Grand Canyon, south-east China (308 249 400 N 1098 129 40 E). A 1 g sample of soil was added to 100 ml physiological saline and shaken at 28 8C for 1 h. The mixture was serially diluted and an aliquot was spread on 1/10 tripticase soy agar (TSA, Difco) plates. A yellow colony, designated strain YLT18 T , was obtained after a week's incubation on the plates at 28 8C. The strain was routinely cultured on R2A agar medium (Difco).
Cell morphology was observed by scanning electron microscopy (JSM-6390; JEOL) and transmission electron microscopy (H-7650; Hitachi). Gram-staining and KOH lysis were performed according to the method described by Dussault (1955) . Strain growth was detected on R2A agar under anaerobic conditions using an anaerobic chamber (Mitsubishi Gas Chemical) at 28 8C for 2 weeks. Cells of strain YLT18
T were Gram-stain-negative, aerobic, non-motile and rod-shaped, 0.3-0.4 mm in diameter and 0.6-1.0 mm in length (Fig. 1) .
The nearly full-length 16S rRNA gene sequence of strain YLT18
T was amplified by PCR using universal primer pairs 27F and 1492R (Fan et al., 2008; Wilson et al., 1990) , and compared with sequences in the EzTaxon server (Kim et al., 2012) and the NCBI GenBank database. Multiple alignments of sequences were performed by CLUSTAL X (Thompson et al., 1997) . Neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Tamura et al., 2011) T in 16S rRNA gene sequence analysis. Phylogenetic analyses using the maximum-likelihood, neighbour-joining and maximum-parsimony methods all showed that strain YLT18
T fell in the same cluster as C. niabensis JS13-10 T (5DSM 24787 T ) and C. cymbidii R156-2 T (5KCTC 23738 T ) ( Fig. 2 ; Figs S1 and S2, available in the online Supplementary Material). Therefore, the two most closely related type strains and that of the type species, Chitinophaga pinensis DSM 2588 T (95.0 % 16S rRNA gene sequence similarity), were used as reference strains in the following studies.
To analyse physiological and biochemical characteristics, strain YLT18
T and C. pinensis DSM 2588 T , C. niabensis DSM 24787
T and C. cymbidii KCTC 23738 T were cultured on R2A agar or in R2A broth at 28 8C. Growth was tested at different temperatures (4, 15, 20, 28, 32, 37, 42 and 45 8C) and in a pH gradient (pH 4.0-11.0 at intervals of 1 pH unit) over 1 week. The pH value was adjusted with citrate/phosphate or Tris/HCl buffers in tests for growth (Breznak & Costilow, 1994) . Salt tolerance was determined in R2A broth supplemented with 0-12 % (w/v) NaCl. Growth experiments were performed on nutrient agar, R2A agar, full-strength TSA, MacConkey agar and Luria-Bertani (LB) agar (all Difco). Catalase activity was judged based on bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was evaluated by adding 1 % (w/v) tetramethyl-bphenylenediamine (Cappuccino & Sherman, 2002) . Hydrolysis of chitin, gelatin, starch, casein, tyrosine, CM-cellulose, DNA, Tween 20 and Tween 80 was investigated according to the methods of Cowan & Steel (1965) . Nitrate reduction was observed using the method described by Lányí (1987) . H 2 S, indole production, methyl red and Voges-Proskauer tests were performed as described by Smibert & Krieg (1994) . Antibiotic sensitivity tests were performed on R2A agar plates using filter-paper discs containing different antibiotics (Hangzhou Microbial Reagent) (Chen et al., 2012) . Other physiological and biochemical characteristics and enzyme activities were determined using the API 20 NE, API ID 32 GN and API ZYM systems according to the manufacturer's instructions (bioMérieux) and some were combined with traditional methods (Dong & Cai, 2001; Hugh & Leifson, 1953) . Sole carbon source utilization was determined with 0.1 % (w/v) of each of the sources (Dong & Cai, 2001 ). Acid production from various carbohydrates was determined as described by Hugh & Leifson (1953) .
Strain YLT18
T showed negative reactions for oxidase and catalase activities. It grew well on R2A agar, nutrient agar, 1/10 TSA and TSA, but not on MacConkey or LB agars. The physiological and biochemical characteristics of strain YLT18
T are summarized in Table 1 and in the species description. Distinguishing it from all three related type strains (the type species C. pinensis DSM 2588
T and the two most closely related type strains, C. niabensis DSM 24787 T and C. cymbidii KCTC 23738 T ), strain YLT18
T was negative for esterase (C4) activity, and could not produce acids from fructose or rhamnose. In addition, strain YLT18
T could not utilize arabinose or rhamnose as the sole carbon source, while the other three reference strains could (Table 1 ).
The G+C content was determined by HPLC according to the method of Mesbah et al. (1989) . Whole-cell fatty acids of strain YLT18
T and the related type strains were obtained from lyophilized cells in the late exponential phase of growth. They were identified quantitatively by GC (model 6890N; Hewlett Packard) by following the instructions of the Sherlock Microbial Identification System (version 4.5, database TSBA40 4.10; MIDI) (Sasser, 1990) . The menaquinone of strain YLT18 T was identified using the HPLC method described by Minnikin et al. (1984) . Polar lipids were extracted and determined by two-dimensional TLC as described by Collins & Jones (1980) . The DNA G+C content of strain YLT18
T was 55.4 mol%. The major cellular fatty acids of strain YLT18 T (.5 %) were iso-C 15 : 0 (31.0 %), C 16 : 1 v5c (11.4 %), iso-C 17 : 0 3-OH (14.7 %), summed feature3 (C 16 : 1 v7c/iso-C 15 : 0 2-OH, 14.8 %) and iso-C 15 : 0 3-OH (6.7 %), which were similar to those of closely related strains, but with minor differences in proportions ( Table 2 ). The predominant respiratory quinone was MK-7. The major polar lipids of strain YLT18
T were phosphatidylethanolamine, two unknown amino-containing phospholipids, two unknown aminolipids and two unknown polar lipids (Figs 3a and S3a) .
Based on the results of 16S rRNA gene sequence analysis, respiratory quinones, major cellular fatty acids and polar lipids, strain YLT18
T represents a member of the genus Chitinophaga. However, 16S rRNA gene sequence analysis revealed that highest similarity to strain YLT18 T was only 96.7 % (with C. niabensis DSM 24787 T ). Also, strain YLT18 T could be distinguished from all the closely related strains by its esterase (C4) activity, acid production from fructose and rhamnose, as well as by sole carbon source utilization of arabinose and rhamnose. On the basis of this analysis, we suggest that strain YLT18
T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga barathri sp. nov., is proposed.
Description of Chitinophaga barathri sp. nov.
Chitinophaga barathri (ba.ra9thri. L. gen. n. barathri of a canyon, referring to the isolation site of the type strain).
Cells are Gram-stain-negative, aerobic, non-motile, rodshaped, 0.3-0.4 mm in diameter and 0.6-1.0 mm in length.
Chitinophaga ginsengisoli Gsoil 052 T (AB245374)

Chitinophaga filiformis NBRC 15056 T (AB078049)
Chitinophaga pinensis DSM 2588 T (CP001699)
Chitinophaga sancti NBRC 15057 T (AB078066)
Chitinophaga oryziterrae YC7001 T (JF710262)
Chitinophaga skermanii CC-SG1B T (DQ062743)
Chitinophaga costaii A37T2 T (KC922450)
Chitinophaga niabensis JS13-10 T (EU714259)
Chitinophaga barathri YLT18 T (KR013246)
Chitinophaga cymbidii R156-2 T (JN680880)
Chitinophaga rupis CS5-B1 T (FM865977)
Chitinophaga ginsengihumi SR18 T (FJ772016)
Chitinophaga japonensis NBRC 16041 T (AB078055)
Chitinophaga jiangningensis JN53 T (KF150362)
Chitinophaga eiseniae YC6729 T (FJ750951)
Chitinophaga niastensis JS16-4 T (EU714260)
Chitinophaga polysaccharea MRP-15 T (KC430923)
Chitinophaga ginsengisegetis Gsoil 040 T (AB264798)
Chitinophaga arvensicola DSM 3695 T (AM237311)
Flavihumibacter petaseus T41 T (EU854577) Bootstrap percentages (based on 1000 replicates) are shown at nodes. Bar, 1 substitution per 100 nt. Asterisks indicate branches that were also recovered using maximum-parsimony and neighbour-joining algorithms.
Colonies are yellow, convex, circular, smooth and nontransparent after incubation on R2A agar at 28 uC for 2 days. Catalase-negative, oxidase-negative. Growth occurs on R2A agar, nutrient agar, full-strength TSA and 1/10 TSA, but not on MacConkey agar or LB agar. The temperature range for growth is 15-32 uC (optimum 28 uC) and the pH range for growth is 6-9 (optimum pH 7.0). Growth occurs with NaCl concentrations of 0-2 % (w/v). Shows a positive reaction in the methyl red test and the VogesProskauer test. Hydrolyses gelatin, but negative for the production of indole, and H 2 S and nitrate reduction. Positive for hydrolysis of DNA and tyrosine. Negative for hydrolysis of CM-cellulose, starch, Tween 80, Tween 20, chitin and casein. Acid is produced from xylose, cellobiose, sucrose, lactose, glucose and maltose, but not from glycerol, mannitol, ethanol, fructose or rhamnose. In API ZYM tests and API 20NE tests, positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetylglucosaminidase, arginine dihydrolase, urease and b-fucosidase, but negative for esterase (C4), esterase lipase (C8), lipase (C14), chymotrypsin, b-glucuronidase and a-mannosidase. Assimilates D- was sprayed with molybdophosphoric acid reagent following separation by two-dimensional TLC. PE, phosphatidylethanolamine; GL1-2, unknown glycolipids (Fig. S3a) ; PL1-2, unknown phospholipids; AL1-2, unknown aminolipids; APL1-2, unknown amino-containing phospholipids; UL1-2, unknown polar lipids.
